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Cheryl Patrick and Fang Xie1
Department of Physics and Astronomy
University College London, Gower St, London WC1E 6BT, UK
SuperNEMO is an ultra-low-background tracker-calorimeter experi-
ment designed to look for the neutrinoless double-beta decay of various
isotopes. We present the current state of the experiment’s Demonstrator
Module, which is currently being installed and commissioned at the LSM
in France.
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1 Introduction
Double-beta decay (2νββ), in which two neutrons decay simultaneously inside a nu-
cleus, ejecting two electrons and 2 electron antineutrinos, has been observed in several
isotopes. However, if neutrinos are Majorana particles, it should be possible for a
double-beta decay to occur with no neutrinos in the final state. These 0νββ events
can be distinguished from 2νββ decays by summing the energies of the two beta elec-
trons: for 0νββ, the electrons will carry the full decay energy Qββ, while for 2νββ
events, the summed electron energies will form a continuum up to Qββ.
SuperNEMO [1] has been designed to study double-beta decays, and in particu-
lar, to look for 0νββ decays, which have never been observed. It builds on the de-
sign principles of its predecessor, NEMO-3 [2], with an ultra-low-background tracker-
calorimeter architecture, allowing us both to measure electron energies and to fully
reconstruct particle tracks to identify ββ events.
Figure 1: Expanded diagram of the SuperNEMO Demonstrator showing (from left
to right) calorimeter wall, tracker, source foil frame, tracker, calorimeter wall.
The SuperNEMO Demonstrator Module (figure 1) has a layered design, with foils
of ββ emitter sandwiched between tracker modules, surrounded by calorimeter walls.
Initially, the source isotope will be 7kg of 82Se, mixed in a PVA base to create thin
foils, suspended from the source foil frame. The modular design allows us to change
these foils to study other isotopes.
The tracker, constructed in four C-shaped sections, consists of 2034 3-metre long
drift cells operating in Geiger mode, arranged in rows of nine cells on each side of the
source foil. Each cell comprises a central anode wire surrounded by 12 field-shaping
wires, with copper cathode end caps at either end. When a charged particle crosses
the cell, the anode signal timing tells us the distance from the anode wire, while
the relative timings of the cathode signals give a position along the wire, allowing
three-dimensional reconstruction.
The two calorimeter walls, situated outside the tracker, consist of 520 optical
modules; 8-inch radiopure PMTs coupled to polystyrene scintillator blocks wrapped
in teflon and mylar, with individual iron shielding. Lower-resolution optical modules
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around the edges of the tracker (giving a total of 712 modules) offer 4pi acceptance.
In its initial running period of 2.5 years, the Demonstrator Module will have a
sensitivity to the 0νββ half-life of T 0νββ1/2 > 6.5× 1024 years, corresponding to a Majo-
rana neutrino mass 〈mν〉 < 200 − 400meV. A proposed 20-module full SuperNEMO
detector with an exposure of 500 kg years (5 years, 100 kg of 82Se) would improve
our sensitivity to T 0νββ1/2 > 10
26 years (〈mν〉 < 50− 100 meV).
2 Tracker and calorimeter installation at LSM
(a) The back side of one of the main
calorimeter walls
(b) A final row of cells is inserted as two
tracker C-sections are coupled
Figure 2: Installation of the Demonstrator Module at LSM
The optical modules have all been built, and in 2016, the two outer calorimeter
walls (figure 2a) were assembled at the Laboratoire Souterrain de Modane (LSM), in
the Fre´jus road tunnel in France. The four C-shaped tracker sections were constructed
and commissioned in the UK, and by December 2016, all four had been shipped to
LSM. The first two C-sections have been joined together (figure 2b) and coupled to
the first calorimeter wall, forming half of the Demonstrator Module. In situ commis-
sioning of this half detector commenced in February 2017. In the following months,
the source frame will be shipped to LSM and installed in the middle of the detector,
allowing the full Demonstrator Module to be coupled together and commissioned.
3 Radon mitigation strategy
One of the largest backgrounds is due to radon, as β decays of its daughter isotope
214Bi can mimic 0νββ events in our detector. To protect against this, stringent radiop-
urity requirements are imposed both on materials used in and around the detector,
and on the gas in the tracking chamber. To measure the activity of detector compo-
nents, we leave them in an emanation chamber (figure 3a) for two weeks, then measure
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(a) Feedthroughs in emanation chamber (b) RnCL with electrostatic detector
Figure 3: Equipment for measuring radon activity levels
the activity with an electrostatic detector similar to [3]. To reach SuperNEMO’s tar-
get sensitivity, the radon activity in the tracker gas must be below 0.15 mBq/m3. As
our electrostatic detector is only sensitive to 1 mBq/m3, we flow tracker gas through
a Radon Concentration Line (RnCL) [4], capturing any radon in a carbon trap. Mea-
suring the activity of the concentrated gas from the trap lets us calculate tracker
activities as low as 10 µBq/m3. Our measurements indicate that, in order to meet
the 0.15 mBq/m3 requirement, we need to flow gas through the Demonstrator Module
tracker at the reasonable rate of 2 m3/hour.
4 Gas system automation
Figure 4: SuperNEMO’s gas system and electronics
The tracker is filled with a mixture of 95% helium, 4% ethanol, and 1% argon. The
gas system (figure 4) includes mass flow controllers and a pair of ethanol bubblers used
to adjust the gas fractions. A RaspberryPi connected to the slow control system tracks
the pressure and temperature in the bubblers and the gas flow rate, and provides
alarms and real-time monitoring via a user interface.
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(a) Simulated 0νββ event. Circles show
drift radii; colours indicate timing.
(b) 2 reconstructed electrons, showing
tracker drift radii and calorimeter hits.
Figure 5: Simulated 0νββ events in the SuperNEMO event viewer
5 Software and analysis
SuperNEMO’s simulation and reconstruction software have been used to perform sen-
sitivity studies, confirming initial predictions, and to evaluate the effects of potential
sources of background contamination. The event display (figure 5), which visualises
and displays information about simulated and reconstructed calorimeter hits, has al-
lowed us to study how signal and background events will present themselves in the
detector, enabling us to improve our event selection.
6 Conclusion
SuperNEMO’s Demonstrator Module is currently being installed and commissioned
at LSM, and will begin taking data in 2017. A stringent radon mitigation strategy
gives us ultra low backgrounds, with a projected Majorana mass sensitivity of 200-400
meV in 2.5 years of running.
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